National’* = 
Bureau of- 
Standards 


February 1960 
Volume 44 
Number 2 


Ferroelectricity and Ferrimagnetism 
in the Same Material 


— Bureau has discovered a series of ma 
terials that show simultaneously both ferro 
electric and ferrimagnetic! properties. The 
gener alized composition is a barium niobate con 
taining any one of several rare earths plus iron 
oxide, and has a single-phase crystalline structure. 
As the two properties seem to be niutiually de 
pe ndent in these materials, the ee slic nila 
lind application in new ele 
Where 


‘tronic Ohiponents 
n coupling between Aelavtsie and hay 
netic effects is desirable or where a maenet ie hhhet 
terial having il hioh 
useful. 

Ceramics with magnetic 


dieleetric constant would 

properties have been 
knowh fora long time, but until now none had 
heen known to show both ferroelectric and hing 
hetic properties at the same time. Whether or 
not such a material could exist is not 
theory. P. TL. Fane and R. S. Roth of the min 
eral products labor: awtory pos tulated the existence 
of the material and then examined nearly 90 i 
electric comiposit ons before finding one with both 
[vpes ot Once 
additional similar structures were pos 


stated Iy 


propert les, this COlpostt Onl Was 


discove sik: 


tulated ly substituting’ other atoms at appropriate 


locations inthe erystal. 


Samples of the material are made follow Ing the 


HATAOO 60 


usual ceramics laboratory 
stituents are mixed, pressed Into pe ‘lets, and fired 
until the asia sinter. Its 
(Ba | po Nb re ie where 72 is a rare 

earth anda wes fromOtol. The structure is de 
irked in terms of the tungsten bronze striucciure. 


procedures : the con 


formula Is 


Some of these compositions were made with the 
rare earths neodymium, samarium, europium, o1 
gadolinitun in one part of the structure, and with 
Varving amounts of iron in another * part of the 
structure. All have shown both ferroelectric and 
magnetic properties in a single-phase crystalline 
form. The presence of both the rare earth and 
the iron seems to be hecessary for the material to 
show both properties simultaneously : the kind of 
rare earth has a substantial effect on the Curie 
points of the composition, 

Ordinarily, 
permittivity. and very 
meability: 


ferroelectrics have hh oti dieleetrie 
: spill maenetic per 
; ferrimaonetics have high magnetic per 
neability and very small dielectric permittivity. 
The inaterial cliscovered hes both of these propel 
hi appreciable extent. Ferroelectric prop 
erties have been confirmed by the presence of the 


ties ton 


clielectrie hysteresis loop and the piezoelectric res 
Ohanee. The piezoelectric effect was measured on 
polarized ceramic disk.  Ferrimagnetic proper 
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ties are verified by the presence of the remanent 
magnetization and the effect of the replacement 
of different rare earth ions on the ferrimagnetic 
Curie temperature. 

There seems to be some correlation between the 
ferroelectric and magnetic properties. When the 
rare earth ion is Nd‘, both effects exist only below 
room temperature. On the other hand, with the 
rare earth jons, Sm*, Eu‘, and Gd*, the mate 
rials show both properties above room tempera- 
ture. However, when the rare earth ion is La 
neither ferroelectric nor ferrimagnetic effects were 
observed down to the temperature of liquid nitro 
gen. The relaxation dispersions of the dielectric 
permittivity and magnetic permeability occur in 
the same frequency region, around 20 Me. 

The ferroelect ric coercive field shows a strong 
temperature dependence and large temperature 


Left: R. S. Roth (left) and P. H. 
Fang discuss the new composition 
having both ferroelectric and ferri- 
magnetic properties. On the black- 
board is the generalized formula, 
with a list of possible substitution 
elements; below is a phase diagram 
of the composition. Right: Mag- 
netic and dielectric hysteresis loops 
of the barium niobate compound. 
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hysteresis. The magnetic coercive field is nearly 
1,000 oersteds. 

Research is currently under way to provide 
quantitative data on the physical properties of 
these materials. This work will be extended to 
modify the compositions further by erystallogra 
phic substitutions. 


i Ferrimagnetism, as distinguished from ferromaaqnet 
ism, is the property of a material with only partial re 
sultant magnetization because of the presence of ant 
parallel magnetic spins 


Determining the Thermoelastic Properties of 
Metals and Alloys 


oo National Bureau of Standards, in a study 
sponsored by the Navy Bureau of Aero 
nautics, has adapted two simple dynamic 
techniques to the determination of the thermo 
elastic properties of metals and alloys. One 
method utilizes a pendulum assembly to test wire 
specimens, and the other, a sonic vibration ap 
paratus for rods and prisms. Information de 
rived with this equipment, designed by FL. C. Bur 
nett of the NBS stath, may be used to develop 
improved alloys for spring materials. 

The elevated temperatures attained in the 
power plants of modern aircraft have created a 
need for metal springs that maintain stable deflee 
tion characteristics over a wide range of environ 
mental conditions. Iowever, to design alloys for 
these springs, basic data are necessary on the elas 
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tie constants of materials suitable for spring 
fabrication. 

The equipment used in the pendulum method 
consists of an oven, photoelectric cell and lamp. 
timer, counter, and electronic telnperature re 
corder. A. frame about the oven supports a o-ft 
long, 0.5-in. diam. steel rod that extends vertically 
through au hole in the top of the oven into the heat 
chamber. The wire specimen is suspended from a 
chuck on the lower end of the rod. Anothe1 
chuck, firmly fixed to a 6-in. diam. brass disk, 
grips the lower end of the specimen. When a 
small amount of twist is applied with a starting 
arm fitted to the upper portion of the rod. the 
pendulum oscillates about the axis of the specimen. 

The photoelectric cell and lamp. mounted just 
outside the rear of the oven, are alined with two 
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Equipment developed to determine the thermoelastic 
properties of metals and alloys. Ruth E. Dowden adjusts 
the oscilloscope. used in the sonic vibration method for 
solid materials. A specimen, suspended by two asbestos 
strings, is above the furnace to the left. At the extreme 
ric¢ht a wire specimen, held between two chucks, is ready 
for test by the pendulum method. 


les in the oven wall. Onee in each half evele 
of oscillation, light from the lamp strikes a small 
niirror attached to the pendulum assembly, and is 
reflected back to the cell. The cell, thus ener 
oized, operates the counter and timer until a pre- 
determined number of oscillations is registe red, 
The shear modulus of the wire is then computed 
from the resonant frequency derived for the speci- 
nen and the dimensions and masses of the pendu 
lun assembly, The frequeney range of this test Is 
from a fraction of a evele to 10 eps. Test tem- 
peratures up to 925 F 
ture recorder. 

In the sonic vibration method, either a rod or a 
rectangular prismatic bar specimen, approxi 
mately 6 in. long, is suspended from an electro 
magnetic driver by two asbestos strings and en 
closed in a furnace which operates at temperatures 
up to 1000° EF. The specimen is excited to its 
resonant frequency ly the driver and a variable 
audio oscillator. A crystal pickup detects the vi 
brations which are shown as an expanded wave on 
a cathode ray oscilloscope. The frequency of the 
oscillator is then adjusted to the frequency of the 
specimen, Indicated by the amplitude of the oscil 


are shown on the tempera- 


TweLrrH ANNUAL GASEOUS 


( VER 400 pliysicists participated in. the 

Twelfth Annual Gaseous Electronies Con 
ference held at the Bureau from October 14 to 
I6. Forty-seven contributed papers were pre 
sented along with four 40-min. invited papers 
during the 3-day conference, jointly sponsored 
by the Bureau and — Division of Electron 
Physics of the Ameriea 1 Physic: il Soe let y. 

The topic receiving shitload wr emphasis this 
vear was atomic collision phenomena. In re 
sponse to the interest expressed during previous 
vears in collision phenomena which occur in ion 
ized gases, a large part of the con ie ‘rence was 
devoted to cross sections and rate coefficients for 
Important collision processes, 

Atomic collision theory was treated in two 
of the invited papers: Professor D. R. Bates 
of Queens University, Belfast, discussed the 
methods of approximation used in the caleula 
tion of collisions Involving atoms and ions: and 
Dr. Ta You-Wu of the National Research 
Council, Ottawa, deseribed calculations of cross 
sections for ionizing and charge exchange colli 
sions involving p-mesie atoms. The contributed 
papers on scattering theory dealt primarily 
with the problem of elastic scattering of elec 
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loscope trace, and this adjusted frequency is meas 
ured with an electronic events-per-unit-time 
counter. 

From the measurements thus obtained, Young's 
modulus can be computed for rod specimens. In 
using the ap paratus for tests on rectangular pris 
matic bar specimens, the prisms can be made to 
vibrate either in tension or torsion, so that both 
Young’s modulus and the shear modulus may 
be determined without changing the mode of 


SUSPENSION, 


ELECTRONICS CONFERENCE 


trons by atomic hydrogen. 

The experimental counterpart to Professor 
Bates’ work was presented in an invited paper 
by W.L. Fite of General Atomic, who described 
crossecdl beam experiments between ions and 
hydrogen atoms. Experimental papers on in 
elastic collisions were largely concerned with 
excitation or ionization of hydrogen, helium, 
and molecular hitroven. 

Two sessions on swarn experiments and 
related theors reported data on electron colli 
SION freque ‘neles and recombination coeflicients. 
A.V. Phelps of Westinghouse dealt both with 
electron colliston Frequene ies 1n nitrogen le 
termined from electron mobilities at very low 
FE jp. and also with the three boy attachment 
coeflicient of electrons to molecular Oxygen. 
This seeond tople introduced a session of pa 
pers devoted primarily to attachment and 
detachment oft electrons in oxygen. 

The remaining sessions of the conference were 
devoted to plasma phystes, with a special con 
centration of interest on evelotron radiation 
from plasmas and stron@ shock waves. The 
final session included papers on electrical break 


down and are discharges. 








Tungsten for High-Temperature Coatings 


IGH-PURITY tungsten can now be easily 
plated on metal surfaces by using a vapor de 
position process which the Bureau? has developed 
for the Navy. The method, devised by W. E. 
Reid and Dr. A. Brenner of the electrodeposition 
group, involves reducing gaseous tungsten hexa- 
fluoride with hydrogen by passing it over the 
heated object to be plated. At temperatures above 
500°C, tungsten is deposited on the hot surface, 
and the only other reaction product, hydrogen 
fluoride, passes out with the excess of hydrogen. 
By this method, it is possible to coat numerous 
simple and complex surfaces such as rocket and 
missile nozzles and jet engine parts. The tech 
nique also lends itself to the fabrication of tungs- 
ten articles, and may be the only way that compli 
cated shapes of tungsten can be formed. Simple 
tungsten shapes for use in vacuum tubes have 
already been fabricated. 
Tungsten is one of the few metals that possess 


structural strength at temperatures above 
2,000°C. Its extremely high melting point 


(3.140°C), hardness, and corrosion resistance 
make it a desirable material for high-temperature 
equipment. Hlowever, until lately, the high-tem 
perature properties ot pe could not be ef 
fectively utilized. Its brittleness and hardness 
preve nted it from bet We mac ‘hined by conventional 
methods while its weight restricted its uses in 
aeronautical equipment. For these reasons, efforts 
were made to develop a practical method for de 
positing tungsten coatings. 

Because tungsten deposition has not been accom 
plished from either aqueous or organic solutions, 
it was necessary to evaluate deposition from both 
fused electrolytes and the gaseous phase. How 
ever, 
plating was too slow, the deposit was too rough, 
and coatings could not be built up to the desired 
thickness. 


Method 


Tungsten hexafluoride was selected for use in 
the Vapor deposition process for two 


First, the compound is a gas at room temperature 


Simple and complex forms and coated objects produced by the 


nozzle and its cross section (left). 
tubing and crucible (top row). 


in the fused elec trolyte processes, the rate of 


reasons. 


and therefore convenient to use. Secondly, tune 
ten apparently forms only one compound with 
fluorine—WF,. Thus the reactions are straigh- 
forward, uncomplicated by many products or side 
reactions, 

The equipment required is simple. The object 
to be pl: ated is placed inside a cylinder of ceramic 
material and the air pumped out and replaced |) 
hydrogen. A controlled temperature induction 
furnace heats this object to about 650°C. Then 
the two gases, tungsten hexafluoride and hydro- 
gen, are passed through ordinary glass flowmeters 
into the reaction chamber. When the 
mixture comes in contact with the heated obje U, 
tungsten is deposited on the hot surface. The by 
product of this reaction, hydrogen fluoride, is ab 
sorbed in a suitable trap. 

Although the theoretical ratio of 3 moles of hy 
drogen to 1 mole of hexafluoride is needed for 
complete reduction, satisfactory coatings are ob 
tained when the ratio is lower. However, in prac 
tice, smooth deposits are insured by using a hydro 
gen-to-hexafluoride ratio greater than 6. Wide 
variations in the flow rate of the gases and in the 
pressure in the system have no major effects on 
either the efficiency of the process or on the quality 
of the coating. Although the optimum tempera- 
ture range for rapid formation of smooth deposits 
is 650° to T00° C, temperatures in the range from 
300° to nearly 900° C are fairly effective. Definite 
erystal growth is observed at 900° C when the ra 
tio of hydrogen to hexafluoride is 5 to 4. 


Maseots 


Nature of the Deposit 


Spectrochemical examination shows that the 
tungsten obtained by vapor deposition is purer 
than ordinary commercial tungsten. Silicon is 
the only impurity present in a concentration of 0.1 
percent or more. Then too, the deposited metal 
has the theoretical density of pure tungsten—19.5 
g¢/em’—which is higher than that of tungsten 
compacts produced by powder metallurgy, or by 
flame spraying. That is, plating eliminates the 
very tiny holes between tungsten particles result 


vapor deposition method. Plated objects are rocket 


Solid tungsten forms are two components for electron furnace (right), sample 
rhe intricate interior and exterior of the object at lower center is completely coated 


with tungsten, showing the excellent covering ability of the method. 
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Plating high-purity tungsten on metal surfaces by the 
vapor deposition process. The object to be plated is in 
the ceramic cylinder at left. Hydrogen fluoride, the only 
impurity formed in the process, is absorbed in a trap 
(vessel in center). Here W. E. Reid inspects equipment 
before a run. 

e from the other two processes. The hardness 
of the deposits obtained at 650° C is about 475 
\VILN or about the hardness of ordinary commer- 

il tungsten. The crystals deposited at 900° © 
are not as hard (410 VHN), indicating a ‘slightly 

eher degree of purity. 

T he adhesive bond between the tungsten coating 
and various basie materials was investigated. 
Adhesion to molybdenum and to nickel was good; 
to copper, somewhat weaker; and to iron, rather 
poor. The tungsten-graphite bond was about as 
strong as the graphite itself. Tungsten deposited 
Olt ceramics also showed eood bonding. 

Deposits 1/16- in. thick were obtained by vapor 
a in an hour, In this same time only 
0.001-in. thiekness of tungsten could be plated 
from faced salt melts in electrodeposition. The 
tnaximum thickness of deposit that can be ob- 
tained by the vapor method has not been deter- 
mined, but would depend on the permissible 
roughness of the surface. Because of the rapid- 
itv of deposition, this process lends itself to the 
continuous product ion of t unesten-coated strips or 
wires, 

Plating a metal strip or wire is simple but the 
uniform distribution of tungsten over an irregu- 
larly shaped object is a problem that must be 
solved for each item. Deposition is more uniform 
over the exterior of an object if plating is con- 


NEW PUBLICATION 


1959 Research Highlights of the 


. illustrated report brings together the 
most important developments in the research 
program of the Bureau during 1959. It describes 
a wide range of scientific studies, laboratory ex- 
periments, and instrumentation developments 
arising from the Bureau’s responsibility for lead- 
ership in the science of measurement. 

Much of the material is concerned with the new 
technology of the space age. Progress is re ported 
in extending the calibration range of optical py- 
rometers, and in many other phases of high- 
temperature measurement, To obtain data for the 
ultimate establishment of additional fixed points 
on the pressure scale, equipment was developed 
for studying the behavior of materials at pressures 
up to 1,400,000 Tb/in.’. 

Other research reported includes the refine- 
ment of atomie standards of length and frequency, 
confirmation of the Rydberg constant, and special 
measurements of the heat conductivity of ex- 
plosives and solid propellants. 


Special efforts are reported on the properties of 
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ducted in a chamber much larger than the object. 
Since tungsten deposition occurs in greatest quan- 
tity where the gases first st rike the hot object, bet- 
ter distribution probably can be obtained by pass- 
ing hydrogen through the main opening in the 
chamber and leading the WF, to various parts of 
the object, by a system of injector tubes. 

For obtaining a desired tunesten shape with- 
out the other metal underneath, the metal form is 
chemically dissolved after deposition. © The 
method of separating the tungsten depends upon 
the other metal used. 





1 similar methed has been developed independently by 
the Bureau of Mines. 


National Bureau of Standards 


materials at high temperatures. Included are 
studies of solid state reactions in high-tempera 
ture alloys and refractory coatings for aircraft 
and missiles. 

Radio researeh includes ionospheric soundings, 
refraction of radio waves in the earth’s atmos- 
phere, and many other topies. 

The Report also summarizes the Bureau’s Cali 
bration, Testing, and Standard Samples pro 
grams, publications program, and cooperative re 
search with industry. A brief summary of some 
of the programs planned for the coming vear is 
included. 

Re NOU h Tliaghliahts oft the National Bureau ofr 
Standards, Annual Report, 1959, National Bureau 
of Standards Miscellaneous Publication 229, 169 
pages, 45 cents. (Order from Superintendent of 
Documents, U.S. Government Printing Office, 
Washington 25, D.C.) Foreign remittances must 
be in U.S. exchange and must include an addt- 
tional one-fourth of the publication price to cover 
mailing costs 





IMPROVED VALUE FOR THE FarADAY 


by a New Experimental Process 


NEW electrochemical determination of the 

faraday has been accomplished at the Bureau. 
This) physical constant, named in — of 
Michael Faraday, is the qui antity of electric “US 
sociated with a change of one equivalent vai 
of the reacting substance in any cectipenytac 
process. The recent electroche _ al work was cat 
ried out hy D.N. Craig and W. J. Hamer, w ith the 
assistance of Catherine Law and J. LT. THoffnian. 
In essence, they deterinined the electrochemca! 
equivalent of silver by measuring the mass 7s 
solved by | coulomb of electri ic ity. This together 
with the atomic weight of the silver used in the 
experiments elves the new value of the Faraday. 

Preliminary values indicate that the faraday is 
96.516.4 £2.0 coulombs/ @ equivalent on the plivs 
ileal scale or $64A89.9 =2.0 coulombs, @ equivalent 
on the chemical seale, usine 1000275 as the con 
version factor. The increased accuracy in the 
faraday afforded by this new evaluation is of mia 
jor importance in both physics and chemistry 
where the faraday enters into the determination of 
other fundamental constants. 

Ie tforts during the past 100 vears to obtain an 
accurate value for the faraday have not been very 
successful. For over 40 years a discrepancy has 
existed between the values vielded by the two most 
precise electrochemical methods—the silver cou 
lometer and the iodine coulometer. This ditference 
has been of special concern in revising’ tables of 
atomic constants where the faraday plays a key 
role. 

As oe faraday depends upon the equivalent 
weight, or in this case atomic weight, of the ma 


terial aaand in the electrochenneal change, the 


atomic weight of the silver used was determined 
In an associated experiment. This evaluation was 


carried out by V. H. Dibeler and W. R. Shields 


with a mass spectrometer. The value for the 


atomic weight of silver derived from this work is 
107.8730+0.0015 (chemical seale), indicating the 
estimated maximum error. This value, although 


it differs significantly from 107.880, the value 
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given in the International Table of Atom 
Weights, was used in the new calculation of the 
faraday. 

An improved process was used in the electro 
chemteal determination. Earlier values of the 
faraday were obtained ivy deposit Ine silver from a 
solution of silver nitrate. but errors in the result 
can occur due to occlusion of part of the solution 
in the de ‘posited silver. = oe Bureaws recent de 
terminations, puriied sils 
and dissolved ina adie of perchloric acid by an 
electrie current... The silver was weighed at the 
beginning of the process and again after an accu 
rately measured quantity of elect ricity had passed 
through a coulometrie circuit. This quantity of 
electricity, when diy ided into the mass of dissolve al 
silver, gave the electrochemical equivalent. This 
be carried out so accurately 


“was used as an anode 
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that it can be emploved as a rapid and reliable 
method for checking on the stability of electrical 
standards. 

A large-capacity ae supplied the Per apna 

hich was measured by balancing the ’ drop 
across standard resistors Lo% ainst the electromotive 
force (47) of kaaaaat cell. As both 72 and # 
ive known in terms of the electrical standards, the 
current (7) could be calculated from Olhm’s law. 
A second circuit contaiming an additional standard 
cell and the Bureau's standard-cell comparator 
provided an alternate method of determining the 


current. Hlere the value of the current was ob 
tamed by dividing the measured /72 drop HCLOSS 


ie standard resistors by the known value of 7. 

The duration of a run was measured with a 
chronograph. Second pulses were supplied by 
standard crystal oscillators and were ident ified by 
time signals broadeast by NBS radio station 
WWYV. By this method the starting and stop ping 
times could be determined so aceurate ly that the 
duration of a run was known to one 1-hundredth 


of a second. As the time of measurements ranged 


Dhyne +) 
,| REFERENCE SILVER 
h 
Left: Siphon-type coulometer used 
in determining the 
Ay. ~ silver in the anode compartment was 
4. mi dissolved or corroded by a measur- 


able quantity of 
amount of silver 


faraday. The 


electricity. The 
involved in this 





In the recent determination of the faraday, the quantity 
of electricity dissolving a measurable amount of silver 
was calculated from the current, known in terms of the 
standards of resistance and electromotive force, and the 
time. Left to right: Anna Skapars balances the JR drop 
across a standard resistor against the emf of a standard 
cell while D. N. Craig operates the chronograph which 
timed the experiments; Catherine Law makes a connec- 
tion to a primary reference cell; Miss Skapars makes a 
connection to the standard resistors; Miss Law uses a 
standard cell comparator to measure the electromotive 
force of the standard cells and the JR drop across the 
standard resistors. 


from 3 to 5 hours, total time was known to better 
than 1 part per million. 

The new electrochemical value of the faraday 
agrees to within 23 ppm with a value based on an 
entirely independent physical method. This 
method, which employs an omegatron (an instru 
ment based on the principle of the cyclotron), 
measures the oscillation frequency ofa proton Ina 
magnetic field. The magnetic field in turn is 
measured by the gyromagnetic frequency of the 
proton, which has also been determined at the 
Bureau with great accuracy. 

Both the electrochemical and the pliy sical de 
terminations of the Faraday involve the measure 
ment of electric current, and consequently rely 
on the standards of electricity maintained by the 
Bureau. Hlowever, any inaccuracies in the Bu 
reaw’s electrical standards would affect. the two 
faradays opposite directions. Thus the agree 
ment between the physical and electrochemical de 
terminations not only attests to the accuracy Wit 1) 
which both experiments were performed, but also 
to the LCCULACY of the Bureaws electrical 
standards. 

These investigations are part of the Bureau's 
program of maimtainine its standards for elec 
trical measurement. The eleetrieal standards 
themselves are determined other complicated 


experiments which are performed with high 
AEcuracy, 
The physical scale ix based on the value of exactly 16 


for the atomic weight of the isotope 6 the chemical 
‘scale is based on the alue 16 of the natural oryugen 
mirture 

* Stability of silver and Pyrex in perehlorie acid-silver 
perchlorate solutions and in conduectivit water, by DL N 
Craig, C. A. Law, and W. J. Hamer, J. Research NBS 644A, 
127 (1960). 

The omegatreo VBS Tech, News Bul. 34, 29 (©1950 

Gyromag rhe tic ate ad proton redetermined, NBS Tech 


News Bul. 42, 217 1058) 
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electrochemical change was deter- 
mined from weighings and used 
with the atomic weight of silver to 
determine the faraday. The refer- 
ence silver electrode was used to 
follow the corroding potential of the 
silver anode. Right: Weighing the 
anode used in the determination of 
the faraday. The weight of the cor- 
roded anode (left) plus the weight 
of any silver which flakes off during 
the experiment was subtracted from 
the initial weight of the anode to 
give the amount of silver dissolved. 

















Creep of Cold-Drawn Nickel 


ee TESTS of high-purity nickel, cold- 
drawn to 40-percent reduction in area, have 
recently been completed the Bureau. Results 
indicate that cold-drawing significantly increases 
creep resistance at temperatures up to 900° F, 
but that the strengthening effect disappears at 
temperatures above recrystallization.' The tests 
were conducted by William D. Jenkins and Carl 
R. Johnson of the thermal met: allurgy laboratory 
in one phase of a comprehensive study designed to 
obtain precise data on the creep, f flow, and frac- 

ture of metals and alloys at elevated temperatures. 

At sufficiently high temperatures and stresses all 
metals creep, that is, they continuously deform un- 
der constant load. Creep usually takes place in 
three stages. In the first, there is a decreasing 
rate of extension; in the second, creep proceeds at 
a nearly constant rate; in the third, the creep rate 
Increases, culminating in complete fracture. It is 
generally accepted that the rate of creep is deter- 
mined by the motion of defects, primarily dislo- 
cations, through the crystal lattice of a metal. 

Numerous theories * have been advanced to de- 
scribe the strain-time relationship in the creep of 
metallic materials. However, none of the pro- 
posed equations have e — or predicted creep 
test results with high accuracy, probably because 
changes in metal structure accompany ing the 
process have not as yet been adequately defined. 
To provide basic information on these structural 
changes under constant loads and at constant 
temperatures, a fundamental research program 
was initiated at the Bureau a few years ago. 
Among the studies thus far completed was one on 
high-purity nickel in the annealed condition. 
Cold-drawn nickel was chosen for the present ex- 
periments because it has many industrial and de 
fense applications. Moreover, data were sought 
for comparison with results obtained on the an 
nealed nickel. 

Specimens used in the tests were prepared from 
the same ingot of nickel from which specimens 
had been made for evaluating the annealed stock. 
Machined to a 0.505-in. diam. with a 2-in. 
length, the specimens were heated in air to the de 
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sired temperature before loading to the required 
stress. The temperatures of the creep furnace- 

were controlled to within =1° F over the spec ime} 
length, and the probable error in measuring the 
extension increments was less than 0.00002 in. 
After the tests, special etching techniques were 
used to delineate etch figures, etch pits, boundaries 
of subgrains, and intererystalline and transcrys 
talline cracks in the specimens. 

The test results indicated that the sensitivity ot 
the metal’s mechanical properties to the rate of 
straining increased with increase in test tempera- 
tures. .At constant temperature, this rate-sensi 
tivity value was lower for cold-drawn than for an 
nealed nickel. The dependence of fracture time 
on creep stress also increased with temperature. 
ILowever, in the absence of extensive recovery, the 
logarithm of fracture time varied linearly with 
logarithm of creep rate for both the annealed and 
the cold-drawn metal. 

An evaluation of temperature-time and temper- 
ature-creep rate relationships showed that the 
stress values were higher for the cold-drawn than 
for the annealed nickel at temperatures of 300 
700°, and 900°F, but that at 1.200°F the stress 
values coincided. The increase in strength from 
cold-drawing was accompanied by a correspond- 
ing decrease in e longation, although both elonga 
tion and reduction-in-area values were less de 
pendent on creep rate than on test temperature. 
The tendency toward localized necking and the 
formation of transerystalline cracks decreased 
with increase in temperature or decrease in creep 
rate. 

A triple-etch procedure used on the specimens 
tested at 1,200° F produced triangular figures on 
u surface parallel to the (111) plane and square 
figures on a surface parallel to the (100) plane. 
The size of the figures, believed to represent dislo- 
cation sites, appeared to increase with decrease in 
creep rate or, 
with imerease in temperature. The number and 
density of the etch-pits were apparently influ 
enced by both the orientation of the grains, and 
the tendene vy of the grains to break up into sub 


Cold-drawn nickel specimens, frac- 
tured at 1,200° F in creep tests, il- 
lustrate how variation in creep rate 
affects elongation and reduction in 


area. 
Creep rate, Elonga- Reductic 
second tion in 2in of are 
stage 
+/ 1,000 hr Percent Perce 
A. 4’ 632 62. " 97.8 
B, B’ 72.6 97.3 a7. 
Co 79 74. 5 7 8 
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Photomicrographs of etch figures obtained from a study of the creep properties of cold-drawn nickel. 





Specimens were 


tested in tension at 1,200° F under different stresses. The triangular and square figures indicate surfaces parallel to 
the (111) and (100) planes, respectively, and are believed to represent dislocation sites. Specimens were etched in a 
solution of glacial acetic and nitric acids, followed by etching in a-solution of nitric acid and amyl acetate, and then 


in a solution of nitric and acetic acids. (>< 500) 


orains. All of these factors are known to have a 
marked influence on the relative motion of disloca- 
tions through a erystal lattice. 


For further technical details, see Creep of cold-drawn 
nickel, by W. D. Jenkins and ©. R. Johnson, J. Research 
VBS 68C, 1 (1959). 

* Seminar on creep and reeovery of metals, Trans, Am 
Soc. Metals A9A (1957) 

Creep of high-purity nickel, by W. D. Jenkins, T. G. 
Digges, and C. R. Johnson, J. Research NBS 53, 329 
(1954); NBS Tech. News Bul. 39, 162 (1955) 
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TEST METHODS FOR STOPWATCHES 


foe Bureau has developed methods for meas- 
uring stopwatch performance which provide a 
more realistic basis for predicting reliability than 
does a mere knowledge of construction details. 
Stopwatch ability to withstand hazards encoun- 
tered in ordinary laboratory use was determined 
primarily through an investigation of the factors 
that affeet watch service life. The test methods 
developed in this program are suitable for deter- 
Inining whether sample watches meet certain re- 
quirements : they WL therefore be useful in the 
design and manufacture of stopwatches as 
well as in acceptance testing under purchase 
specifications, 

Before starting the experimental program, 
studies were made to determine the relative im- 
portance of factors limiting the service life of 
Stopwatches. Data obtained from the watch re 
pair shops of several loeal government labora 
tories showed that 50 percent of all watches 
coming into the shop needed cleaning and over 
hauling: Ht) percent had bent or broken pivots, 
broken erystals, or other damage from bumping 
or dropping: and the other 10 percent showed 


February 1960 


failure from causes other than dust or shock—for 
extunple, faulty operation of the start, stop, re 
turn-to-zero (flyback) mechanism and damage to 
the indicat ine members. ¢ ‘onsidering’ these results 


as fairly typical of watch failure causes, IL. A. 


Bowman and A. B. Castle of the Meehanieal In 
struments Section undertook the development and 
application of life tests, dust. tests, and shock 
tests. 

A life test of the start. stop, yback mechanism 
Wilts designed to determine types of mechanical 
failure resulting from normal use. Watches were 
automat leally operated over 6 sec cycles until some 
member failed. For the 28 watches tested, failure 
occurred between 1,700 and $82,000) operating 
eveles. Types of failure, when compared with 
failures occurring in 32 watches which had failed 
in actual laboratory service at the Bureau, proved 
to be typical. The test data also fitted satisfae 
torily to two well-known statistical distributions. 
The accelerated life-test is therefore accepted aus 
a realistic test method. 

Dust resistance depends upon several factors 
such as the sealing of lenkage paths through the 
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watch case, the composition of the dust, its par- 
ticle size distribution, concentration and agitation, 
the interval of exposure, voids within the case, and 
“breathing” of the case caused by external tem- 
perature and pressure changes. To locate the 
paths through which the dust enters a watch case, 
watches were exposed for 90 min to circulating 
fluorescent dust of known composition and par- 
ticle size. Examined at the conclusion of tests un- 
der ultraviolet light, the dust fluoresced abril 
liant’ yellow, clearly delineating leakage paths. 
Fluorescence was measured by an electronic pho 
tometer and found to be greatest around the stem, 
through hinges of hinged covers, and through 
worn covers of the snap-on type. 

Air leakage through the same paths Was meas 
ured by connecting each watch case to a pneu- 
matic system through a small hole drilled in the 
plastic crystal. The steady-state air flow at vari 
ous pressure drops was measured through the leak- 
age paths and plotted against the photometer 
measurements. Correlation was good even though 
lust sometimes accumulates in piles so that radia- 
tion from particles below the surface cannot be 
detected. 

Determining the amount of air leakage without 
spoiling the crystal would, however, be a more 
satisfactory method of estimating dust resistance. 
This might be accomplished by applying a vacuum 
pressure step function to the exterior of the watch 
case. The slope of a time versus pressure graph 
on a st rip chart recorder provides i measure of 
the extent of air leakage. 

An adequate test for shock resistance requires 
a controlled, reproducible shock. Although shock 
resistance is generally proved by dropping the 
watch on a hardwood floor, this method was not 
chosen because shock orientation is difficult to con 
trol under such conditions. A pendulum test Was 
therefore devised, and pendulum impulse was 
stated in terms of equivalent free fall to a hard 


High-Temperature 


A PORCELAIN-capsule ee electrode 

l has been developed by R. J. Labrie and V. A. 
Lamb of the Bureau in work sponsored by the 
Atomic Energy Commission. This reference elec- 

trode should be of value in studyi ne electrode po 
tentials in molten salt systems, Accurate data on 
these potentials are important for investigating 
electrodeposition from molten salts, corrosion by 
molten salts, and thermodynamic properties of 
molten salt systems. 

Reference electrodes are widely used in elect ro- 
chemistry. Several types which have been used 
for molten salt systems are the silver-silver chlo- 
ride electrode with a liquid junction, the platinum- 
platinum ( 8 ) electrode, the silver-silver chloride 
electrode ina graphite sheath for use in flourine 
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wood floor. Here instead of the watch striking the 
floor, the pendulum bob, covered with a materia 
giving an impulse similar to wood, strikes thy 
watch. Watches were tested in four orientation 
with shocks equal in magnitude to free falls up t 
> ft. 

Experiments were also conducted on a wate 
protected by a tightly fitting sponge-rubber cove: 
about 14 in. thick. Only the face and stem of th: 
watch were left exposed. Results indieate tha 
such a cover is very effective in reducing damag 
from mechanical shock; the wateh was undam 
aged by several impulses equivalent to falls 
nearly + ft. 

Because wood deforms with repeated striking 
and its characteristics therefore change, a subst! 
tute which reproducibly displays the time-ampli 
tude characteristics of hardwood was required foi 
use in the shock test. ‘To locate such a material, 
shoes for the pendulum bob toe were made out o! 
various plastics and the response of a simulated 
watch to each material was recorded. This re 
sponse was the output of a barium titanate accel 
erometer, attached to an aluminum ring the 
weight and size of a stopwatch, as the “watch” 
was struck by the shoe-covered bob. Teflon, a 
stable, shock-resistant plastic, was found to pro 
vide a shock similar to that delivered through 
pine, ash, and white oak, and was chosen for use 
in the tests. 

To assure good control of the orientation of the 
shock axis, the watch was positioned on an in 
verted wedge-shaped piece of plastic foam before 
striking. This support toppled away as the Teflon 
shoe came in contact with the watch so that loss in 
pendulum impulse was insignificant. Watches 
were struck in the center of the rear cover and at 
the edge of the case at the 15-, 30-, and 45-sec 
marks. Watches proved to be least: resistant to 
the impulses received normally, that is, on the rear 
cover, 


Porcelain Electrode 


melts, and sodium, sodium alloy, or silver-silvet 
chloride electrodes in glass capsules. 

All of these electrodes have some disadvantages. 
For example, those electrodes which make contact 
to the melt through a liquid junction are subject to 
Nuctuations because of diffusion and mixing: and 
capsule-type electrodes of Pyrex glass are limited 
to use at a maximum temperature of about 200° ©. 
The porcelain-capsule electrode, on the other hand, 
is stable at temperatures as high as 900° C. More 
over, its capsule construction prevents the salt in 
side the electrode from contaminating the melt 
under study. 

The porcelain reference electrode consists of an 
outer unit prepared by joing a glass T-tube to 
a porcelain capsule. Sealed inside this enclosure 
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WALL THICKNESS - 110 2mm 
DIAMETER- 810 10 mm 
LENGTH-1S Cm 


CERAMIC TUBE 
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AND NaCl 


is an inner unit consisting of a silver wire joined 
to a tungsten wire. Both are enclosed in a single 
ceramic capillary tube. Electrical connections 
may be made to the upper portion of the tungsten 
wire which extends outside the glass tube. The 
assembled electrode is then filled with the desired 
amount of silver chloride and sodium chloride 
through the side arm of the glass T-tube. This 
portion is sealed off while the entire electrode is 
being evacuated. 


Construction of the porcelain reference electrode devel- 
oped by the Bureau. The electrode is stable, reproducible, 
and temperature reversible. 


Porcelain capsules of two compositions have 
been made, one containing 2.5 percent soda 
(Na,O) and the other 10 percent. Electrical 
measurements at different temperatures showed 
that the porcelain material containing 10 percent 
soda has the lower resistivity. The resistivities of 
both porcelains are many times lower than that of 
glass, the 10 percent Na,O porcelain having only 
one-hundredth the resistivity of glass at equiva- 
lent temperatures. Conduction is entirely by 
movement of sodium ions. 

A first step in preparing the porcelain materials 
is the formation of a glass by dry-milling a mix- 
ture of sodium silicate (Na.SiO,). silica, and 
alumina and firing at 1,100°C. The resulting 
glass is then milled with clays and water to pro- 
duce a slip. The slip is formed into an electrode 
tube or capsule by casting in a mold of plaster of 
Paris. pe drying, the porcelain capsule is 
fired at 1285°C. 

The ae ibility and st: ability of — porce- 
lain reference electrode were checked by measur- 
ing the potential of a cell in which identical elec- 
trodes were opposed. The ales showed that the 
electromotive force of the electrodes was stable 
and reproducible to within a few millivolts under 
temperature eveling for nearly six days. The 
fact that the electrode can be reused is an added 
advantage. 


1 For further technical details, see A porcelain reference 
electrode conductive to sodium ions for use in molten salt 
systems, by R. J. Labrie, V. A. Lamb, J. Electrochem. Soe. 
106, 895 (October 1959). 
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